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ABSTRACT
Background: Atherosclerosis generally occurs in the blood vessels with angulation or curva-
ture, however, association between coronary bifurcation angle and coronary artery disease 
needs to be further clarified when compared to normal patients.
Objectives: The aim of this study is to determine the relationship between left coronary bifurca-
tion angle and development of coronary artery disease when compared to patients with normal 
coronary arteries.
Methods: Fifty patients (40 men, mean age, 55.2 years) who underwent coronary computed 
tomography (CT) angiography for clinical diagnosis of coronary artery disease were included 
in the study. Of these patients, coronary plaques were present at one or more coronary arteries 
in 25 patients, while in the remaining 25 cases, no plaque was detected at the coronary arter-
ies, thus serving as the control group. Left coronary bifurcation angle between left anterior 
descending and left circumflex was measured on 3D volume rendering images by two assessors 
with >80º as the cut-off value to determine significant stenosis.
Results: The mean bifurcation angle was 72.9º±19.4º (range, 36º, 112º) among 50 patients. 
The mean bifurcation angle was significantly wider in patients with coronary plaques than that 
measured in patients with normal coronary artery (p<0.001), with corresponding values being 
83.9º±17.5º (range, 45º,112º) and 62.5º±15.4º (range, 36º, 89º). Of 25 patients with coronary 
plaques, 18 (72%) had a bifurcation angle >80º, while only 12% of the patients had a bifurca-
tion angle >80º in the control group.
Conclusion: This study further confirms the direct relationship between left coronary bifurca-
tion angle and development of coronary artery disease with diseased coronary arteries associ-
ated with wider angulation.
KEYWORDS: Bifurcation angle; Coronary artery disease; Coronary CT angiography; Coronary 
plaque; Measurement.
ABBREVIATIONS: CT: Computed Tomography; CCTA: Coronary Computed Tomography An-
giography; PPV: Positive Predictive Value; DICOM: Digital Imaging and Communications in 
Medicine; LAD: Left Anterior Descending; LCx: Left Circumflex; VR: Volume Rendering; 
SNR: Signal-To-Noise Ratio. 
INTRODUCTION
Coronary computed tomography angiography (CCTA) has been widely accepted as a less-
invasive imaging modality with high diagnostic value in the diagnosis of coronary artery dis-
ease due to rapid technological developments in multislice CT scanners.1-5 While radiation dose 
associated with CCTA has been significantly reduced with use of various dose-reduction strat-
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egies, the limitations of CCTA lie in two aspects: inferior tem-
poral resolution and effect of heavily calcified plaques on the re-
liable detection of coronary stenosis. The temporal resolution of 
current multislice CT scanners is between 83 and 175 ms, thus, 
use of beta-blockers is necessary to control heart rate in most of 
the patients with heart rate >70 beats per minute, although high 
diagnostic value of CCTA in patients with high heart rates has 
been reported in some recent studies using latest CT scanners.6-10 
It is well known that high calcification or high calcium score in 
the coronary arteries results in false positive results, thus leading 
to low specificity and positive predictive value (PPV).11-15 This 
limitation has been addressed to some extent with use of image 
processing methods as reported in some studies.16-18
 Another approach to improve diagnostic value of 
CCTA in the diagnosis of calcified plaques is to use left coro-
nary bifurcation angle as opposed to the conventional method of 
measuring coronary lumen stenosis. Recent studies have shown 
that diagnostic accuracy of CCTA has been significantly aug-
mented with use of bifurcation angle as a criterion to determine 
coronary stenosis when compared to assessment of the degree 
of lumen stenosis.19-21 Despite these promising results, it is still 
necessary to clarify the role of bifurcation angle in both normal 
and diseased coronary arteries. Thus, the purpose of this study 
is to further clarify the clinical value of CCTA with use of left 
coronary bifurcation angle in the diagnosis of coronary artery 
disease. We hypothesized that wider angulation is associated 
with higher prevalence of coronary plaques when compared to 
the normal coronary arteries.
METHODS
Study Population
This retrospective study involves reviewing consecutive patients 
who underwent CCTA examination for diagnostic assessment 
of coronary artery disease. Eligible criteria included successful 
completion of CCTA scans with good image quality for dem-
onstration of coronary arteries. Patients were excluded if they 
had known allergy to contrast medium, prior history of coro-
nary stenting or coronary artery bypass surgery, impaired renal 
function or unable to control heart rate less than 65 beats per 
minute after beta-blockers were administered. Fifty-one patients 
met our selection criteria and were included in the analysis with 
good image quality allowing analysis of normal coronary anato-
my and coronary plaques.The bifurcation angle could not be de-
tected in one patient due to anomaly of the left circumflex which 
arose from the ascending aorta posterior to the right coronary 
artery. Therefore, our final data included 50 cases (40 men, mean 
age, 55.2±8.4 years) with 25 having coronary artery disease with 
at least one plaque present at one of the coronary arteries, and 
another 25 without having have any plaque at the coronary arter-
ies, so these 25 cases served as the control group.
 Ethical approval from Institutional Review Board 
(IRB) was waived in this study since CCTA image acquisition 
was part of the clinical referral for diagnosis of coronary artery 
disease. Due to retrospective nature of this study, there is no 
need for obtaining informed consent from the patients.
CCTA Scanning Protocols
All patients were scanned with second generation dual-source 
128-slice CT (Siemens Definition Flash, Siemens Healthcare, 
Forchheim, Germany) and 256-slice CT scanners (Brilliance 
iCT, Philips Healthcare, Cleveland, OH, USA), with the follow-
ing imaging protocols: detector collimation 2×64×0.6 mm, gan-
try rotation of 0.28 s, with a tube voltage of 120 kVp for Siemens 
scanner, and 2×128×0.625 mm with a dynamic z-focal spot, gan-
try rotation of 0.27s, with a tube voltage of 120 kVp for Philips 
iCT, respectively. All scans were performed with retrospective 
ECG gating with images targeting a diastolic phase at 75% of 
R-R interval. Beta-blockers were administered in patients with 
heart rate >65 beats per minute prior to the CT scans. In all ex-
aminations, non-ionic contrast medium Ultravist 370 mg/ml 
(Ultravist 370, Bayer Schering Pharma AG, Taipei, Taiwan) was 
delivered using a dual-head power injector. The scan was initiat-
ed with use of bolus tracking technique with a CT attenuation of 
120 HU as the triggering threshold in the ascending aorta. Forty-
five to 55 ml contrast medium was injected at an injection rate 
of 3.0 ml/s followed by a saline flush of 30-40 ml. Pitch ranged 
from 0.2-0.4. Images were reconstructed with a slice thickness 
of 0.6-0.625 mm and a reconstruction interval of 0.3-0.33 mm 
resulting in the voxel size ranging from 0.30x0.30x0.30 mm3 to 
0.33x0.33x0.33 mm3.
Image Analysis and Measurement of Bifurcation Angle
CCTA images in digital imaging and communications in medi-
cine (DICOM) format were transferred to a separate workstation 
equipped with Analyze V 12.0 software (AnalyzeDirect, Inc., 
Lexana, KS, USA) for image post-processing and analysis. Ana-
lyze is a biomedical software enabling robust analysis of medi-
cal images including various views consisting of 2D and 3D 
reconstructed images and 3D virtual intravascular endoscopic 
visualizations.21-23
 Left main bifurcation angle between left anterior de-
scending (LAD) and left circumflex (LCx) was measured to 
determine the correlation between bifurcation angle and coro-
nary plaques. Three-dimensional (3D) volume rendering (VR) 
images reconstructed from 2D axial CCTA were used to mea-
sure the bifurcation angle between LAD and LCx (Figure 1). 
Measurements were performed by two assessors independently. 
Three consecutive measurements of the bifurcation angle were 
obtained in each case with the mean value taken as final to mini-
mize biased results. In addition to the bifurcation angle measure-
ment, assessors analyzed the coronary plaque characteristics in 
terms of plaque composition, such as calcified, non-calcified or 
mixed plaques, as well as plaque distribution in the coronary 
arteries. The inter-observer agreement and intra-observer agree-
ment was good with 95% and 91%, respectively. A degree of 
>80º bifurcation angle is used as a cut-off value to determine 
significant coronary artery disease or stenosis, according to pre-
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Statistical analysis were performed using SPSS 24.0 (SPSS 
Inc, Chicago, IL, USA). Continuous variables were expressed 
as mean±standard deviation, while categorical variables were 
presented as percentages. Chi-square test was used for categori-
cal variables between the two groups (or Fisher’s Exact test 
was used if the variable or an event was observed in less than 5 
cases). Comparison was performed using one sample t-test. A p 
value of <.05 was considered statistically significant.
RESULTS
CCTA was successfully performed in all patients with no com-
plications. Of 50 cases, image quality was found good or excel-
lent in 48 cases with the mean CT attenuation more than 300 HU 
(Hounsfield unit) or signal-to-noise ratio (SNR) more than 10 in 
the ascending aorta or coronary artery. In the remaining 2 cases, 
CT attenuation was lower than 160 HU in one case, and high 
standard deviation in another case resulting in low SNR (7.8). 
Table 1 shows patient’s characteristics and plaque distribution in 
the coronary arteries.
 The mean bifurcation angle was measured 72.9º±19.4º 
(range, 36º,112º) among all 50 patients (25 in the group with 
normal coronary artery and 25 in the group with coronary 
plaques). The mean bifurcation angle in patients with coronary 
plaques was measured 83.9º±17.5º (range, 45º,112º), and this 
is significantly wider than that measured in patients with the 
normal coronary artery, which was 62.5º±15.4º (range, 36º,89º) 
(p<0.001) (Table 1). Of 25 patients with coronary plaques, 18 
(72%) had a bifurcation angle >80º, while in contrast, only 12% 
of the patients had a bifurcation angle >80º in the control group. 
Of 25 cases with coronary plaques, most of them were found to 
be calcified (84%), while mixed plaques were noted in 4 cases.
 Figure 2 is an example of a patient with calcified 
plaques at the left anterior descending coronary artery with wide 
angulation, while Figure 3 shows a narrow angulation in a pa-
tient with normal coronary arteries.
Figure 1: Three-dimensional (3D) volume rendering shows the bifurcation angle of the left main coronary artery as it branches into the left anterior descending (LAD) and left circumflex (LCx). 
Measurement of the angle was performed three times on 3D volume rendered images at different positions in a 56-year-old woman with the mean angle of 50.2º.
Table 1: Patient characteristics and plaque distribution.
Parameters for comparison Study group (25) Control group (25)
Mean age±SD* 58.3±6.0 52.2±9.4
Mean angle±SD* 83.9±17.1 62.5±15.4















LAD-left anterior descending, LCx-left circumflex, RCA-right coronary artery, N/A-not applicable, SD-standard deviation.
*indicates significant difference (p<0.05)
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DISCUSSION
This study further clarifies the accuracy of using left coronary 
bifurcation angle to determine coronary artery disease. Results 
of this study showed that patients with coronary artery plaques 
are associated with wider angulation, while narrower angula-
tion is seen in patients with normal coronary arteries. Therefore, 
based on current available literature, while waiting for additional 
large studies evaluating the prognostic role of this parameter, 
the analysis of bifurcation angle measurement, especially for left 
main, may be considered during the routine diagnostic assess-
ment of coronary artery disease.
 The rationale of measuring coronary bifurcation angle 
is because of the relationship between hemodynamic changes 
and atherosclerotic development at bifurcation regions. Both 
clinical studies and hemodynamic analysis using computer 
modelling have shown that plaques usually occur in the vascular 
areas with angulation or abrupt curvatures.24-29 Our early report 
showed a direct correlation between left coronary bifurcation 
angle and coronary diameter changes with significantly wider 
angle and larger diameter in diseased coronary arteries when 
Page 22
Figure 3: Association between narrow angulation and normal coronary artery in a 55-year-old woman. A-C: Left coronary bifurcation angle between LAD and LCx was measured 
at three different positions with the mean angle of 62º indicating no significant coronary disease.
Figure 2: Association between wide angulation and coronary artery disease in a 52-year-old man with coronary 
artery disease.A: 2D axial images show multiple calcified plaques at the left anterior descending artery. B-D: Left 
coronary bifurcation angle between LAD and LCx was measured at three different positions with the mean angula-
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compared to the normal ones.30 This has been confirmed by a 
recent study investigating the association between bifurcation 
angle and risk factors of developing coronary artery disease.31 
Based on analysis of 196 patients with suspected coronary ar-
tery disease, Temov and Sun concluded that male patients and 
patients with large body mass index were more than 2-fold likely 
to have wider angulation (>80º) with associated higher risk of 
coronary artery disease. This study further highlights the addi-
tional value of using bifurcation angle for diagnosis of coronary 
artery disease through a direct comparison between diseased pa-
tients and the normal ones.
 Using bifurcation angle as a diagnostic parameter has 
also been shown to improve the diagnostic value of CCTA in 
the detection of calcified plaques. Low diagnostic specificity and 
PPV of CCTA in calcified plaques is mainly due to high false 
positive rates caused by blooming artifacts which result from 
heavy calcification in the coronary arteries.11-15 This is a widely 
known limitation of CCTA. Some recent studies have addressed 
this issue by showing the improved diagnostic performance of 
CCTA with use of bifurcation angle measurement when com-
pared to the conventional approach based on coronary lumen 
stenosis.19,20 The specificity and PPV were improved from 33% 
and 43% to 79% and 81%, corresponding to CCTA by coronary 
lumen diameter and bifurcation angle measurements, respective-
ly.19 Although diagnostic value of CCTA was not assessed in this 
study due to inclusion of low to intermediate pretest probability 
of coronary artery disease without having invasive coronary an-
giography as the reference standard, findings are consistent with 
these previous reports showing the improved accuracy of CCTA 
using bifurcation angle.
 Although this is a retrospective study based on a small 
number of cases, results through a direct comparison between 
two groups add valuable information to the existing studies. 
Findings of this study further strengthen the previous reports 
that left coronary bifurcation angle is a more accurate method 
for determining significant coronary stenosis than coronary lu-
men assessment. However, some limitations in this study should 
be acknowledged. First, a small sample size is one of the main 
limitations. Inclusion of more patients, especially with more 
clinical centers’ involvement would be desirable to allow us 
draw robust conclusions. Second, as discussed above, there is 
no correlation of CCTA findings with invasive coronary angi-
ography, therefore, no diagnostic value is available. Further, due 
to the retrospective nature, risk factors associated with coronary 
artery disease are not available in most of the patients in this 
study. However, the association between common risk factors 
and coronary artery disease has been well studied in a recently 
published study.31 Finally, although plaque distribution and type 
of plaque were analyzed, due to limited number of cases, there 
is no analysis of plaque features, in particular, analysis of plaque 
composition such as low-attenuating plaque, plaque volume and 
length which are commonly used to indicate the plaque vulner-
ability.28,32 Thus, further studies should focus on the analysis of 
these features in relation to their association with bifurcation 
angle measurement.
 In conclusion, this study further confirms the relation-
ship between left coronary bifurcation angle and coronary artery 
disease with diseased coronary artery associated with wider an-
gulation when compared to the normal coronary arteries. Further 
research is required to investigate the plaque composition in re-
lation to the bifurcation angle with the aim of identifying high-
risk plaque or plaque vulnerability, preferably to be conducted at 
multicenter sites with inclusion of more patients.
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